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Introduction
In modern urbanized environments, stormwater is commonly treated as waste and
discharged into municipal sewage systems. This discharging method looses the
opportunity of reusing stormwater as an alternative resource. Also, urban runoff causes
pollution because stormwater scrubs pollutants from the air, and washes pollutants from
impermeable pavement, and this polluted runoff contaminates water bodies that are its
discharge destinations. However, sustainable methods of stormwater management exist,
such as harvesting and treating stormwater on-site. Many big cities in China are
characterized by sprawl and highly mixed land use patterns, which include industrial
areas, agricultural fields, residential communities, and forests mingled together without
scientific rationale or planning regulation. These spaces usually have serious
environmental issues and need to be redesigned with proper infrastructures. Thus, they
are suitable places to plan and implement the sustainable stormwater strategies. These
strategies can be incorporated into plans and designs by landscape architects from the
early phases of a project to mitigate environmental problems, as well as to celebrate
rainwater as a theme and to provide amenity functions.

Because China’s mixed-use urbanized areas are suffering from water shortage and
pollution problems, the government of China is now promoting and regulating new
policies concerning rainwater harvesting and utilization. Also, stormwater management
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design is encouraged in mixed-used urbanized environments by municipal governments
and environmental administrations. This is especially true in the Beijing area which has a
dry climate and serious water shortage issues. But the existing design approaches to
sustainable stormwater management in China are limited and replicate western styles.
Thus, the exploration of sustainable stormwater management design strategies in China’s
mixed-use urbanized environment is urgently needed.
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Problem Statement
This creative project explores artful design for stormwater management in mixed-use
urbanized environments in China. Additionally, this project determines how stormwater
management design recommendations fit into China’s urbanized situation both culturally
and environmentally.

Finally, an analysis of the above findings is conducted to reveal

the best method and design implications for the sustainable water management retrofit of
a suburban sprawl site using stormwater management as a theme to provide high amenity
value to the human experience in Beijing’s mixed-use suburban environment.

The Subproblems
1. What are the environmental and cultural impacts of sustainable stormwater
management designs compared to conventional stormwater management methods?

2. What are the historical and current trends and examples of sustainable stormwater
management design in urbanized environments, both in and out of China?

3. What are the primary environmental and cultural issues of mixed-use urbanized
development in China?
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4. Related to traditional and modern cultural and social activities in China’s mixed-use
urbanized enviornments, what are the suitable utilitarian and amenity functions
sustainable stormwater management design can provide within the country’s
traditional and contemporary, cultural and social environments?

5. Based on the answers to the problems above, what design solutions can be applied to
a suburban sprawl site design in Beijing in relation to its unique environmental and
social situation to provide high amenity value to the human experience?

4

Methodology
The methodology is a plan of action for discovering and solving the design problems
concerned with artful design for stormwater management in China’s urbanized
environments. This includes researching the current trends and design techniques of
sustainable stormwater management in the urban and suburban context, environmental
and cultural impacts of these designs compared with traditional water features, and
suitable amenity functions that sustainable stormwater management design can provide
within China’s traditional and contemporary cultural and social environments.
Knowledge provided by this research is then used to guide the design evolution of a
suburban sprawl site in the Beijing area. Both qualitative descriptive research methods
and historical research methods were used to gather primary and secondary data on each
sub-problem to determine the answers to them.

Stormwater Management Trends
To determine the current trend and design techniques of sustainable stormwater
management of urbanized environments, primary and secondary research methods were
used. Analyzing cases of existing projects both inside and outside China which partly or
wholly integrate sustainable stormwater management into designs revealed common and
important engineering techniques and design approaches concerned with stormwater
management. These cases were found in journals and books in the BSU Architecture
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Library and Chinese online journal databases. Reviewing the literature also revealed the
common and popular utility and amenity functions of current sustainable stormwater
management in urban and suburban development design. Recent Waterscapes: Planning,
Building and Designing with Water by Herbert Dreiseitl is an important source with
abundant examples of urbanized environment designs, many of which incorporate
sustainable stormwater management. “Art for Rain’s Sake - Designers Make Rainwater a
Central Part of Two Projects” by Stuart Echols and Eliza Pennypacker details two
award-winning rainwater design projects and compares their strengths and weaknesses.
Most importantly, Beijing Olympic Forestry Park is a key model of sustainable
stormwater management in China’s urban environment. Both primary site observation
and secondary research methods were employed herein to study this case. Secondary
sources included journal articles introducing Beijing Olympic Forestry Park, such as
“Water System Plan of Beijing Olympic Forest Park” by Hu Jie, Wu Yi-xia, and LV
Lu-shan. Collecting these primary and secondary data allowed determination of the main
strengths and weaknesses concerned with stormwater management of the Beijing
Olympic Park.

Environmental and Cultural Impacts
Mainly secondary research methods were used to determine the environmental and
cultural impacts of sustainable stormwater management designs compared with designing
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with the traditional water strategies. This sub-problem actually has two parts：determining
the environmental impacts of sustainable stormwater management designs, and
determining the cultural impacts. Design for Water by Heather Kinkade-Levario offers
comprehensive information focusing on engineering and ecological aspects of sustainable
stormwater management. This book was accessed in BSU Architecture Library. The
LEED certificate program by USGBC also has abundant information concerning
ecological benefits and energy conservation aspects of sustainable stormwater
management. The LEED rating document can be obtained from the official website of
USGBC/LEED organization. Furthermore, the Sustainable Site Initiative by the ASLA
(American Society of Landscape Architects) is another rating system focusing on the
landscape architecture profession. Rating criteria and case studies were acquired from the
ASLA official website.

Several books and journal articles that address cultural impacts were found in the BSU
Architecture Library. Again, Herbert Dreiseitl’s book Recent Waterscapes: Planning,
Building and Designing with Water provides information about culture aspects including
events and activities in urban parks with sustainable stormwater management designs.
Several other journal articles also address the cultural impacts of sustainable stormwater
management. These include “Learning from Artful Rainwater Design: Art for Rain’s
Sake and Landscape Architects can Reach Out Directly to Visitors or Nudge Them Down
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a Path of Discovery” by Eliza Pennypacker and Stuart Echols, and “Making Hydrology
Visible” by Verno Mays. These journal articles were also found in the BSU Architecture
Library. In addition, the Beijing Olympic Forestry Park is an appropriate example to
study for cultural factors such as aesthetics, education, and recreation of sustainable
stormwater management within China’s urban setting. For this case study, both primary
and secondary research methods were used to obtain information mentioned in the
previous paragraph.

Applicable Amenity Functions
The most important part of the problem statement is the third sub-problem, which is to
determine what suitable amenity functions stormwater management design can provide in
relation to traditional and modern cultural and social activities in China’s urbanized
environments. This sub-problem actually can be divided into three questions: what
possible amenity functions can sustainable stormwater management design provide, what
amenity functions should China’s urbanized environments require based on its cultural
and social factors, and how could the findings from these two categories of functions be
combined. “From Stormwater Management to Artful Rainwater Design” by Stuart Patton
Echols and Eliza Pennypacker offers answers to the first question, this article can be
found in the BSU Architecture Library. As for the second question, Professor Kongjian
Yu has written much about this issue. His “Positioning Contemporary Landscape
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Architecture in China” and “China’s Cosmetic cities: Urban fever and Superficiality”
both address this issue. Other Chinese scholars have also written about the amenity
functions in urban parks. These include Wei Wang’s “Openness of Parks and Explanation
of Public Space in Beijing during Modern Time.” The answer to the third question is
based on this creative project’s author’s interpretation after analyzing the possible
answers to the previous questions.

Application to Site Design
The last part of the problem statement is the application of all the research to the design
problem. With the help of Mr. Di Lu who works as an intern in Turenscape which is a
landscape architectural professional design firm and his colleagues at Turenscape, a
suburban Beijing site was chosen as the focus of this creative project. This site is in the
Tongzhou district inside the Beijing metropolitan area. Local government has determined
that this area will be redeveloped as an ecotourism area associated with aquaculture
production. Basic site inventory including a topography map, soil map, and aerial photos
were provided by the local developer and Turenscape. Other basic information such as
site climate and precipitation were obtained from the Beijing Climate Research Center.
Finally, site visits and primary observations were conducted during the summer of 2010.

During the site visits, a site inventory, and interviews with local developers, designers
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and potential users were completed to collect valuable opinions. Finally, this information
was used to inform a whole set of design products including a design concept, schematic
design, master plan, on-site water system diagram, sustainable stormwater system
diagram, detail designs of stormwater management, design sketches, and perspectives.
This set of design products presented a comprehensive creative design approach for
developing a sustainable stormwater management strategy integrated with wastewater
management in a suburban village in Beijing, and demonstrated the suitable amenity
functions that the design provides.
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Hypothesis
Sustainable stormwater management design in China’s urbanized environments can
contribute to solving water shortage and pollution problems, and provide high amenity
value for Chinese citizens.

Delimitations
1. The study will not deal with stormwater outside the design site.
2. The study will not discuss the funding problems of stormwater management design.

Assumptions
1. Sustainable stormwater management is environmentally friendly, and the trend of
stormwater management design will continue in landscape architecture.
2. The sustainable stormwater management design will be in compliance with China’s
code of building and infrastructure design.
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Definitions
Sustainable Stormwater Management (SSM): Planning concepts and design strategies
that harvest and treat rainwater runoff on-site with harvested rainwater used as an
alternative resource, or filtered and then used to recharge groundwater or other natural
water bodies.

Urbanized Environment: Urban and suburban areas of a metropolitan urban region, but
not the rural areas in the metropolitan region.

Mixed-use Urbanized Environment: Urban and suburban areas of a metropolitan urban
region, but not the rural areas in the metropolitan region which industrial area,
agricultural fields, residential communities, forests and other land uses are mingled
together without scientific planning regulation.

Subrban Sprawl: Areas of former farmland that have been transformed into suburbanized
areas usually located along the outskirts of big cities. These areas usually have serious
environmental issues and need to be redesigned with proper infrastructure.

Utilitarian Function: The functions of SSM that can benefit the environment and living
systems.
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Amenity Function: The functions of SSM that can enhance users’ experience and provide
cultural and social value.
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Significance
Due to rapid urbanization, China is now suffering serious environmental problems,
including resource shortages and water pollution. Water is a scarce resource, especially in
urbanized environments in China. So it must be conserved and cautiously protected.
Sustainable stormwater management design treats stormwater as an alternative resource,
using environmentally friendly methods to clean stormwater and reduce water pollution.
Thus, the research of sustainable stormwater design in China’s urbanized environment
will contribute to addressing water shortage problems and solving environmental
problems. Also, aesthetically, water has a high value because its unique appearance,
texture and auditory feeling it creates. Thus, proposing an artful design approach will
enhance the aesthetic quality of projects that include responsible stormwater management.
In addition, designs associated with sustainable stormwater management can provide
amenity function such as recreational and educational functions to enhance user’s
experiences.
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1 Introduction of Sustainable Stormwater Management Design

1.1 Natural Hydrology System
1.1.1

Hydrologic cycle

In natural environments, water resources include surface water, water below ground, and
water that falls from the sky (Sipes, 2010). The form of surface water includes lakes,
reservoirs, rivers and streams. Water circulates from one form to another in a balanced
and cyclical way. Infiltrated water occupies the soil’s unsaturated zone, where it supplies
water to plant and tree roots. Water transpired by plants and evaporated from ponds
returns to the atmosphere under the combined term “evapotranspiration.” Excess soil
moisture continues down to become groundwater in the saturated zone, where it
discharges gradually to streams (Hopper, 2007). Thus, in the hydrologic cycle, surface
water and groundwater are both important components which are fundamentally

Figure.1: Water circulates from one form to another in a balanced
and cyclical way in the hydrologic cycle
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interconnected. Wetlands are very important because they are a unique type of waterbody
where surface water and ground water are highly integrated in a comprehensive and
highly productive and valuable ecosystem (see Figure.1).

1.1.2

The Importance of Rainwater in the Hydrologic Cycle

Rainwater is a crucial element in the natural hydrological cycle. It is a dynamic element
that keeps the balance among water in different forms. It is also a key connection
between surface water and groundwater. Rainwater has important functions in the natural
environment. These functions include irrigating plants and crops, recharging groundwater,
and maintaining rivers and lakes. In the natural environment, a high percentage of the
precipitation from rainstorms is absorbed back into the ground in the nearby area since
there is usually sufficient pervious surface area to allow this to happen. This situation is
opposite in the urban environment because of the high percentage of impervious
pavement (Sipes, 2010). The diagram below shows the infiltration, run-off and
evaporation percentages of the two scenarios (see Figure.2).

Natural Condition

Urban Condition

Figure. 2: Two diagrams demonstrate the difference of the runoff rate between natural and urban condition
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1.2 Conventional Stormwater Management Methods
In modern urban environments, because most areas of the ground surface are impervious
and highly polluted by various types of non-point pollutions, stormwater is commonly
treated as waste and discharged into municipal stormwater sewage systems. Impervious
surfaces can be defined as any surface materials that prevent or reduce the infiltration of
water into the soil (Sipes, 2010).

Conventional drainage systems often use a combined sewage system. In this combined
system, stormwater and wastewater are conveyed together by an underground piping
system (see Figure.3). Combining these two types of flow causes problems such as
overloading of municipal treatment systems, stream degradation, periods of excess runoff,
loss of groundwater, loss of rainwater as an alternative water resource, and high energy
cost. Also, conventional approaches that use curbs and gutters to handle drainage are
extremely expensive to construct and maintain. In addition, with traditional curbs and
gutters, there is no chance to mitigate the quality and quantity of the water (Sipes, 2010).

Conventional Drainage System

Sustainable Drainage system

Figure. 3: Two diagrams demonstrate the difference between conventional and
Sustainable drainage systems
18

1.3 Sustainable Stormwater Management Methods and Their Relationship with
Landscape Architecture
1.3.1

The Definition of Sustainable Development

The central theme of the United Nations Earth Summit----a global conference on
Environment and Development at Rio de Janeiro in 1992 was sustainable development.
This conference published Agenda 21 to guide all the countries in the world to find their
own solutions toward sustainable development. Guided by that, UNESCO (United
Nations Educational, Scientific and Cultural Organization) gave the following definition
of sustainable development.

“Sustainable development denotes a development which meets the needs of present
generations without compromising the ability of future generations to satisfy their
needs. The quest for sustainable development therefore transcends sectoral concerns,
such as environmental protection, and requires an integrated and holistic approach
(UNESCO, 2002).”

1.3.2

The Definition and Benefits of Sustainable Stormwater Management

To understand sustainable stormwater management, the broader term of sustainable water
resource systems needs to be defined.
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“These systems are those designed and managed to fully contribute to the objectives of
society, now and in the future, while maintaining their ecological, environmental, and
hydrological integrity (Loucks and Gladwell, 1999).”

There are many definitions and terms related to sustainable stormwater management such
as Best Management Practice (BMPs), and Sustainable Urban Drainage System (SUDS).
The Sustainable Urban Drainage System Program (SUDS) is an initiative in the United
Kingdom that promotes environmental friendly drainage systems. This initiative sees
drainage systems to be developed in line with the ideals of sustainable development, by
balancing the different issues that should influence the design. Surface water drainage
methods that take account of quantity, quality and amenity issues are collectively referred
to as Sustainable Urban Drainage Systems (SUDS). This initiative pays more attention to
the overlapping of the quantity, quality, and amenity aspects of sustainable stormwater
management (see Figure.4). SUDS believes that by integrating amenity considerations
into stormwater management the result can enhance community value, biodiversity,

Figure. 4: Two diagrams demonstrate the difference between
conventional approach and Integrated design
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educational functions, and multi-use of space (CIRIA, 2005).

For this creative project, Sustainable Stormwater Management (SSM) is considered to
include planning concepts and design strategies that harvest and treat rainwater on-site
with harvested rainwater used as an alternative resource, or filtered and then used to
recharge groundwater or other natural water bodies.

Stormwater harvesting has significant potential to provide environmental and economic
benefits. These benefits include:
• Providing an inexpensive supply of water;
• Augmenting drinking water supplies with filtering or related interventions
• Reducing stormwater runoff and pollution;
• Reducing erosion in urban environments;
• Providing water that needs little treatment for irrigation or non-potable indoor uses;
• Helping reduce peak summer demands;
• Helping introduce demand management for drinking water systems (Kloss, 2008).

1.3.3

Landscape Architectural Methods for Sustainable Stormwater Management

Landscape architects not only create engineered and ecologically functional places, but
also provide vital experiences for human beings. Herbert Dreiseitl, who is a landscape
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architect famous for his innovative sustainable stormwater designs, effectively expressed
how landscape architects should demonstrate sustainable environmental technologies. In
his book called Waterscape, he said

“this means that processes for purifying water and treating water, for avoiding and
floods and other such things should not be concealed, but wherever possible be
presented openly and creatively (Dreiseitl, 2001).”

Landscape architectural methods for sustainable stormwater management (SSM) can be
summarized at two scales. From the macro-scale, SSM is a holistic planning concept that
guides the entire planning and design process; and from the micro-scale, SSM is the
aggregate of site level design strategies that treat stormwater as a resource. The methods
for applying SSM of the two scales are listed below.

Macro-scale:

Holistic Planning Concept

a. Integrating stormwater infrastructural systems with natural hydrology system.
b. Sustaining riparian corridors and riparian buffers (riparian corridors include grass,
trees, shrubs, and a combination of natural features along the banks of rivers streams).
Protecting these corridors with riparian buffers is critical for and preserving water
quality.
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Micro-scale：Site level design strategies include but are not limited to:
a. Rain gardens
b. Pervious pavement
c. Infiltration trench
d. Bioswales
e. Constructed wetlands
f. Soil and vegetation restoration
g. Storwater Retention and detention structures
h. Roof water harvesting
i. Silt dams and filtration levees

1.4 Barriers to Implementation of Sustainable Stormwater Management
1.4.1

Barriers in the US

Most states east of the Mississippi River are known as riparian rights states, while
western states utilize a “prior appropriation” system for water allocation. The water law
of eastern states regulates that one can access all types of water in one’s own property and
use it reasonably, while water law in the western states regulate that water cannot be
owned by individuals but is a public resource. The water ownership law of eastern states
does not promote reduced water use because these states have relatively abundant water
resources. However the western states are more strict about water use. In the states of
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Utah, Colorado, and Washington, rainfall is considered essential for replenishing
groundwater. So it is illegal to collect rainwater. Although western states have these
prohibitions because the rain water resource is scarce, many cities in western states are
actually encouraging rainwater harvesting through tax credits, rain barrel subsidies, and
changes in building codes (Sipes, 2010).

Economic pressure is also a huge barrier that hinders the implementation of sustainable
stormwater management. Although sustainable stormwater management designs can
bring long term economic benefits, investors or private property owners usually hesitate
to incorporate these designs because of the high initial cost of installation.

1.4.2

Barriers in China

Barriers to SSM in China include inadequate policies and enforcement, insufficient
economic resources, and lack of acceptance and education. Instead of having many legal
regulations concerned with water use like in the US, China does not have adequate
water-efficiency policies or regulations to standardize water use and support sustainable
stormwater management. Stormwater is discharged as waste to the municipal sewage
system or can be collected by individuals without particular regulations.

In recent years, as environmental problems became more obvious and attract more
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attention, the Chinese government began to establish policies to promote a rapid shift to
energy-saving economic development and sustainable lifestyles. Some cities even started
to install separated sewage systems for stormwater and wastewater. However, the largest
barrier in China remains the lack of enforcement of such policies. Because there is no
mature supervision and management system, some investors and contractors do not
construct their sites according to the sustainable regulations. They are rather more
focused on profit concerns.

Also, there are few architectural and landscape architectural standards and codes
regarding sustainable stormwater management in China. Except for western standards
and case studies, most professionals in China are not familiar with these sustainable
technologies. They also cannot find official references associated with stormwater
management in local building codes in China.

Furthermore, because the overall education level in China is low compared to developed
countries, public awareness of the urgency of sustainable development is limited. So it is
difficult to motivate public support and obtain community input for sustainable
stormwater management initiatives.
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2 Current Sustainable Stormwater Management Design Cases Studies

2.1 Analysis and Summarization of Sustainable Stormwater Management Design
Cases Studies in the US
2.1.1 Introduction
There are comparatively abundant projects concerned with sustainable stormwater
management in the US. The following two cases were selected from the large number of
popular case studies. This studies are frequently introduced or recommended by the
ASLA Magazine and other publications focused on waterscape design. These case studies
best represent the current level of sustainable stormwater designs in the US. These two
cases presented herein are in different urban contexts. One is in a high-density residential
courtyard, and the other is in an urban park.

2.1.2 10th@Hoyt Courtyard
10th@Hoyt is an apartment building located in a crowded urban district within the
residential boom that occurred in Portland, Oregon. The 10th@Hoyt courtyard is an
ASLA awarding-winning project about which the ASLA jury commented “This courtyard
forms the heart of the entire building project. Drawing from Persian traditions, the place
is a lush oasis (Rodes, 2007).” In this project, the innovative design of the 8,500 square
feet courtyard enclosed by the apartment building integrates stormwater management into
an artful garden while providing residents a refreshing and enjoyable place to relax. The
stormwater management of this design features a green roof, conveyance runnels and
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rainwater fountains to display the on-site run-off. These artful stormwater management
elements celebrate rainwater as a theme of the courtyard (see Figure.5). However, the
designer did not maximize the utilitarian functions of sustainable stormwater
management. The usage of harvested rainwater is limited to on-site detention which is
invisible to the public (Echols, 2006).

Figure.5: Images of 10th@Hoyt Courtyard

2.1.3 Queens Botanical Garden, New York
The master plan of Queens Botanical Garden was designed to accommodate new
program requirements. The master plan was done by the German landscape architecture
firm “Atelier Dreiseitl” (Herbert Dreiseitl is the founder), which specializes in sustainable
water system design. This stormwater management system is an artful thematic element
which unifies the whole garden culturally and functionally. Rainwater is collected from
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roofs in the garden and is conveyed by different types of channels through the garden.
Through the beautified visualization of rainwater movement, visitors can experience and
enjoy the sense of art it creates (see Figure.6). The best summary of this garden design is
the landscape architect’s own comment about his work: “Sustainable stormwater design
combines visual appeal and technological transparency while making a significant ‘green’
space contribution to our urban environment (Dreiseitl, 2007).”

Figure. 6: Images of Queens Botanical Garden

2.1.4 Summary
The above two projects have different scales and different usages. They also serve
different groups of people. But the designs of both projects are innovative and reduce
polluted urban run-off while utilizing rainwater as a thematic design element.
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Furthermore, both designers tried to incorporate amenity functions, such as increasing
public awareness of stormwater issues by visualizing artful forms of rainwater into their
designs. These case studies demonstrate that stormwater management design can be
achieved in diverse types of urban environments. However, determining the strengths and
weaknesses of current sustainable stormwater management designs requires further
exploration of precedent studies.

2.2 Analysis and Summary of Sustainable Stormwater Management Design Case
Studies in Germany
2.2.1 Germany in General
European countries such as Germany are concerned more about sustainable development
than the US and China, and are more willing to implement innovative designs associated
with sustainable technologies. One of the most famous German landscape architects who
specializes in sustainable stormwater design is Herbert Dreiseitl, who has designed many
projects addressing sustainable stormwater management in Germany. He is a pioneer in
this field and his designs in Germany have inspired many designers and design works
around the world. His successful projects in Germany also brought him international
projects, including ones in the US and China.
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2.2.2 The Water System in Berlin’s Potsdamer Platz
This public waterscape project completed in 1998 in Germany’s capital Berlin is one of
the very first designs that utilized sustainable stormwater techniques while creating a
multi-functional place for leisure activities for the public. The designers’ proposal of
making the theme of water a defining element in the open space had convinced both the
senate and the investors from the outset (Dreiseitl, 2001).

In this project, Herbert Dreiseitl, teamed with a German planning team to design an
advanced stormwater harvesting and reuse system. This system collects stormwater from
the roofs of the business buildings in the plaza, cleanses this stormwater through a visible
planted biotope, stores stormwater in underground tanks, feeds the cleansed stormwater
into constructed ornamental pools, and finally overflows the water into an urban canal.
Also, cleansed stormwater is reused for toilet flushing in the business buildings and for
green space irrigation. To guarantee that the system functions well, the design includes
sufficient buffer capacity. This is provided in the first place by five underground tanks
with a total volume of 2,600 cubic meters (3,400 cubic yards), of which 900 (1,177 cubic
yards)are left free in their turn for instances of heavy precipitation. In addition to this, the
main area of water can still offer a reserve of 15 centimeters between the normal and the
maximum water level, which provides a storage buffer of 1,300 cubic meters (1,700
cubic yards) (Dreiseitl, 2001).
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This project is significant because it not only creates a unique open space unified by
water, but also has high public exposure. The latter makes it an educational tool for
enhancing public awareness of sustainable stormwater management.

2.3 Analysis and Summary of Sustainable Stormwater Management Design Case
Studies in China
2.3.1

Sustainable Stormwater Infrastructure in Ancient China and Modern Sustainable

Siheyuan of Beijing
Sustainable stormwater management design is not a totally new concept. Classical
Chinese architecture and gardens featured rainwater infrastructures created artistic and
dynamic landscape elements. During the Ming and Qing Dynasties (14th century to 19th
century), Beijing was the capital of China. Within this period, the Imperial Palace inside
the Forbidden City was the most representative example of the highest level of royal
architecture and gardens. At the Imperial Palace, the rainwater downspouts on the
platform of the palace were designed in the form of sculptural dragon heads (see
Figure.7). The cascading dragon heads on the rainy day were a majestic scene that
demonstrated the royal power. Furthermore, at that time, Classical Chinese gardens with
prominent water features became popular in the Beijing area. However, water was a
scarce resource in the area. Royal gardens usually drew water from nearby lakes or other
bodies of water, but this action was forbidden for common people. Thus, private gardens
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usually had two ways to obtain water resource: 1) drill a well close to a pond and use a
trench to deliver the water, or 2) use the open trench under the overhang structure of the
building to collect rainwater. This kind of rainwater facility is described in some classical
Chinese literature concerned with landscape and gardens. In classical private gardens, the
rainwater trench is usually constructed with traditional bricks and paved with gravel, and
all the water collected by the trench runs to a constructed scenic pond. The trench itself is
a landscape element in the garden. It has a unique appearance on both sunny and rainy
days (Jia, 2006).

Figure. 7: Image shows the rainwater downspouts on the platform of the palace were designed in
the form of sculptural dragon heads

2.3.2 Modern Remolding of Beijing’s Traditional Residential Yard (Siheyuan)
As a traditional and unique residential architecture of Beijing, the layout and design of
“Siheyuan” (literally means enclosed by four sides, can be understood as a quadrangle) is
suitable for Beijing’s climate. However it is not sustainable according to modern energy
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efficiency standards. Thus, in 2010, the Yuyang Real Estate Company launched a
non-profit environmental activity called “Zero Siheyuan Movement.” This activity
installed environmental friendly and energy efficient facilities which were associated with
traditional architecture styles in old Siheyuan neighborhoods (Yuanyang Developer,
2010). From a sustainable stormwater management perspective, this activity remolded the
quad of Siheyuan with an open trench to collect and convey rainwater, and included a
constructed rainwater well and pump equipment to store and reuse the rainwater (see
Figure. 8).

Figure. 8: Image of sustainable traditional
residential yard in Beijing
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2.3.2

Beijing Olympic Forestry Park

Sustainable stormwater management design has also started appearing in China in recent
years. Because of Beijing’s unique dry climate, seasonal rainfall patterns, arid
surrounding areas, and extremely rapid urban expansion and construction, the city has
special environmental problems. These included polluted rainwater, scarce fresh water
resources, and seasonal floods. As these environmental problems have become more
visible, and draw international criticism, Beijing has begun to create policies regarding
landscape design to promote sustainable solutions. Taking advantage of the excellent
opportunity of the 2008 Olympic Games, Beijing Olympic Forestry Park was born. It is
an ideal sustainable park model with a wide range of unique sustainable design
techniques that demonstrate a full range of feasible solutions to the public.

Beijing Olympic Forestry Park is located on the outskirts of Beijing city, as part of the
Beijing Olympic park which held all the 2008 Olympic events. The Forestry Park servers
as the Olympic Park’s main landscape vista while benefiting the broader ecological
environment of Beijing city. It is unique in that for the first time in modern China, a large
scale urban park uses reclaimed water as its main water source for its constructed water
body. The Forestry Park has 72.5 hectares (180 acres) of water surface, of which 15.28
hectares (38 acres) is constructed wetland which has a natural appearance. The park and
its constructed wetland are divided into two parts by the fifth ring road of Beijing. The
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south part of the constructed wetland has an area of 12.48 hectares (30 arces), while the
north part has 2.80 hectares (7 acres). For the utilitarian functions, this constructed
wetland, with a capacity of treating 3,800 cubic meters (134,159 cubic feet) of water per
day, can purify gray water from the municipal drainage system, surface runoff, and rain
and flood water. In concert with the constructed wetland system, two alternative water
circulation systems with multiple water gates were designed. These have two major
functions: replenishing water to the urban water body in dry seasons and helping the city
store, purify, and discharge flood water in rainy seasons. Additionally, a greenhouse
connected to the constructed wetland can treat 600 cubic meters (21,188 cubic feet) of
water per day. This sustainable water system can help Beijing city mitigate problems of
drought, rainwater shortage and rainwater loss (Hu, et al., 2006).

For the amenity functions, the wetland is designed as an educational landscape with a
boardwalk that runs across the wetland and into the water. On this boardwalk visitors can
learn about the water purification process by viewing inside the glass walls that cut
through the wetland to see the underwater situation of the wetland (see Figure.9). In
addition, the greenhouse houses more diverse wetland plants while holding an interactive
exhibition of explaining the water purification systems to visitors (ASLA 2009
Professional Awards, 2009).

36

Figure. 9: Images of Beijing Olympic Forestry Park

2.3.3

Zhejiang Yongning River Park

In 2002, Turenscape (a Chinese landscape architecture company) which is well known
for its sustainable approaches transformed the concrete banks of Yongning River in
Zhejiang province which is located along the eastern coast of China. In this project,
Turenscape transformed the river banks into a sustainable riverfront park and into an
attractive destination for both locals and tourists (see Figure.10). They also provided an
ecological method for flood control and stormwater management as a model for the entire
river valley.
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In the Zhejiang Yongning River Park, the regional flooding patterns especially those in
the monsoon season were crucial bases for the entire design process. Guided by the
flooding pattern, the design utilized native wetland plant communities to restore the
riparian buffer along the flood plain and to create constructed wetlands that provided
habit for animals.

Figure. 10: Images of demonstate the transformation of Zhejiang Yongning River Park

This design has tremendous educational meaning because it demonstrates the ecological
solutions to the public by improving the water quality and biodiversity of the river. It also
makes the river edge accessible to the visitors (Yu, 2006).

2.3.4

Tianjin Zhiangjiawo New Town Society Hill

Society Hill, in Zhiangjiawo new town of Tianjin, is a suburb townhouse neighborhood
with prominent waterway and elegant landscaping. But previously, the site was a 28-acre
urban sprawl with light industry and agriculture. It was successfully transformed from
irregular settlement into a high-class residential district.
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Figure. 11: Images demonstate the transformation of Zhangjiawo New Town

Before the transformation, the site was a wasted farm land with a river that was highly
polluted by living, agricultural and industrial waste (see Figure.11). In the transformation
project, the landscape architects developed human scale ecological solutions that
respected the cultural and social fabric of the city. Historical irrigation channels of the
former farmland are found within the decentralized stormwater management bioswales,
channels and water features allowing rainwater to be cleansed and infiltrated into the
groundwater (Grau, 2009). The restored river combined with the surrounding rainwater
features create a manmade hydrological system interconnected with the natural one while
offering residents a great public recreational place.
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2.3.5

Summary

2.3.5.1 Relationship between Ancient and Contemporary Sustainable Stormwater
Management Design
From the sustainable stormwater design cases of both ancient and contemporary China,
comparisons can be made between the ancient case studies and contemporary ones. For
the ancient people, construction skills and technologies were limited, and nature was
respected and highly valued. Therefore, designing with natural resources such as
rainwater was typical and necessary. Compared to ancient society, modern technologies
and urban development have combined to weaken the people’s respect for nature. This
has led to serious environmental problems that are once again redirecting people’s
attention to nature. As a result, designers have begun to transform manmade riverbanks
and sewage systems into naturalized hydrological systems that sustain our living
environments and their productive value.

In addition, because of the limited techniques and ecological knowledge, ancient cases of
sustainable stormwater design were usually small scale private projects or large-scale
Royal ones. On the contrary, contemporary projects are usually large scale public space
associated with artificial and natural water systems. In conclusion, ancient designers
utilized stormwater as a resource to celebrate their worship of nature. Modern designers
on the other hand managed stormwater as waste to be removed and as a method of
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surviving.

2.3.5.2 Common Strategies of Contemporary Sustainable Stormwater Design
Common strategies of contemporary sustainable stormwater design can be summarized
from the case studies discussed above. These designs are usually guided by holistic
sustainable planning concepts that seek to benefit the broad natural systems in the
surrounding area of the project sites.

The case studies discussed above all provide not only ecological and utilitarian functions,
but also amenity functions. Typical ecological and utilitarian functions include filtering
rainwater, recharging groundwater, reusing rainwater, constructing wetland as a new
ecosystem, and riparian buffer restoration. Meanwhile, recreation and education are two
common amenity functions.

2.3.5.3 Shortages
While the strengths of sustainable stormwater design in China are obvious, the
shortcomings are significant. Usual shortcomings include lack of visual transparency of
sustainable stormwater solutions, lack of design details, and absence of reflection of
traditional local culture. This lack of local cultural reflection is usually because many
cases were designed by foreign designers or design firms.
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3

Environmental and Cultural Issues of Mixed-Use Urbanized

Development in China

3.1 Environmental Issues of Mixed-Use Urban Development of China
Professor Kongjian Yu was one of the earliest persons as modern landscape architects to
look at environmental problems in China. He clearly recognized the serious problems in
China. These problems include natural water system pollution, massive rural to urban
migration, groundwater depletion, and frequent floods and droughts.

Statistics are the best proof of these environmental problems.

For example, “in the north, desertification is causing a crisis. Each year 3,436 square
kilometers of land is being turned into desert, and this figure is continually increasing.
At present, the total area of desertification accounts for about 20 percent of the whole
country, and each year about 5 billion tons of soil erodes into the ocean. Statistics show
that in the past 50 years in China, 50 percent of the nation’s wetlands have disappeared
and 40 percent of the surviving wetlands have been polluted. The underground water
level drops every day. In Beijing for example, the overuse of underground water is 110
percent, and each year the water table drops by one meter (Yu, 2006).”

The utilitarian functions of sustainable stormwater management usually include
promoting groundwater recharge, reducing non-point source pollution, protecting stream
channels, preventing increased overbank flooding, and safely conveying large floods
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(Echols and Pennypacker, 2008). Thus, sustainable stormwater management design can
contribute to solving China’s urban environmental problems as mentioned above.

3.2 Cultural Issues of Mixed-use Urban Development in China
3.2.1 Traditional Culture
Traditional Chinese philosophies such as Confucianism and Daoism commonly
emphasize the harmony between humankind and nature. These philosophies believe that
people should adjust their lifestyles to suit the environment where they live, and that
proper acquisition and utilization of natural resources should be balanced with the energy
that people give back to nature (Golany, 2001). The principle of locating villages or
towns in ancient China close to mountains and along rivers indicates people-environment
concerns in the philosophies’ approach to locating human settlements. This principle can
assure that people obtain abundant resources, and can let people and nature benefit from
each other. The inornate concepts of sustainability of ancient Chinese people were
recorded in many classical literatures. Mengzi stated in the Book of Mencius that it
should be prohibited to burn forests in order to cultivate or to drain lakes in order to fish
(Wu, 2009). Aesthetically, traditional Chinese culture respects and appreciates natural
appearances. Natural forms are the spiritual and artistic inspiration for built environments.
Mimicking natural appearances is a method for sustaining the purity of places.
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These traditional Chinese ethics concerning natural environments can also be expressed
in the principles of urban planning and garden design. The basic concept is keeping
harmony with nature. This famous ethic developed by Cheng Ji, a well known garden
designer during the Ming Dynasty, guided almost every garden design that followed. This
ethic is that although it is designed by human, it looks like it is formed by nature. For
instance, water features in Classical Chinese Gardens usually mimic natural water
systems, with natural appearances and ecological functions.

In China, vernacular architecture and the fabric of towns were usually influenced by local
environments. For example, in southern China which has a wet and hot climate,
traditional communities usually have straight paths cut through the whole site. These
paths are combined with surrounding constructed ponds or vegetations to generate air
pressure differences that can help natural ventilation to cool the temperature (Wu, 2009).

3.2.2 Modern Culture
China’s modern culture is relatively obscure compared to its traditional culture. Under the
invasion of massive western culture, the modern Chinese culture is a hybrid. In addition,
the eager pursuit of prosperity is a major factor that helps shape the modern culture of
China. During this westernization process, the cultural identity of Chinese people has
been reduced. The loss of cultural identity can be found on two levels. One is the
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appearance of the built environment; and the other is the spirit of life. Urban design,
parks and residential design in urbanized areas all demonstrate the loss of cultural identity.
The physical form of many urban architecture and landscape architecture projects
gratuitously replicate the European architecture style. And the functions of urban parks or
community parks have little meaning beyond ornamental demonstration.

Replicating the city beautification movement in western countries has been a shortcut for
beautifying China’s cities. But the beautification is limited to appearances. Displaying
has become a major goal of urban parks and squares, and people are treated as spectators
rather than users of the spaces (Yu, 2007).

A comparison between traditional culture and modern culture reveals the problems of the
latter one. Traditional culture profoundly considered the relationship between people and
environment which rarely exists in China’s modern culture. Traditional urban forms are
visible vehicles of culture. Modern urban development should learn from traditional
culture to promote harmonious relationships between people and the modern
environment.
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3.3 The Transition to and Problems of Applying the Planning Concept of
Mixed-Use Urban Development in China
1） The Sense of Public Place
The definition and sense of public space in China changed through the ages. In the feudal
period, the word “park” referred only to private and imperial gardens. It was recorded in
ancient literature that imperial officers suggested reducing the area of private gardens to
increase agricultural land for poor farmers (Wang, 2008). For common people, streets
were traditional public space as Chinese citizens’ social life and commercial activities
occurred on streets. Toward the end of the feudal empire, the word “Public Park” was
introduced from the western world to China. The concept of democracy was imported
from the west in the in 1900s (Wang, 2008). Today, the park has become an important
element in Chinese leisure activities. Almost every big city has its own park system that
not only benefits the urbanized environments but also provides recreational spaces. In
modern China, types of public space increased to include mixed-use urban environment
which includes parks, squares, streets, community common places, and commercial
plazas. Also, the function of public space expanded to include recreational, educational,
cultural, entertaining and sports. For instance, as a heritage of the traditional street, the
commercial pedestrian street is another arena for leisure activities in contemporary
Chinese urban lives. The evolution of commercial pedestrian streets expands outdoor
public space and stimulates social and commercial activities. Many of China’s
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commercial pedestrian streets have transformed from previous commercial streets. These
include, for example, the streets at the Confucius Temple in Nanjing, Wangfujing in
Beijing and Guanqianjie in Suzhou. The evolution of the commercial pedestrian street
demonstrates the lifestyle in China toward equitable and common social and public space
in China.

2） Housing and Real Estate Development Issues
Housing is always a big issue for Chinese people because of the nation’s expanding
population. China’s modern residential communities began to develop rapidly from the
1980s because of the “reforms and the process of opening-up”. This significant social
transformation turned the emphasis in China from class struggle to economic
development. Because of this, the central government began to establish new policies
concerned property ownership, housing, business and so on. These policies included
encouraging the growth of private business and the commercialization of housing
development. This shifted the emphasis toward government or state owned enterprises
with evenly distributed houses for citizens or their employees. It also provided more
business opportunities. In addition, because of overall economic growth, people began to
demand a higher quality of life and residential environments. Thus, since the 1990s, real
estate developing has been booming throughout China. Profit-oriented real estate
developers drastically increased their investment in residential communities and
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introduced foreign architects and landscape architects for Chinese community designs.
Also the average size of a house increased significantly. In 1998 the per capita area of
housing was 14m2 in China while in 2010 the per capita area was 33 m2 (Lu, 2009).
However, the development of real estate also generated major social and environmental
challenges.

For example, “huge swathes of Beijing are being cleared by real estate developers to
make way for high-rise apartments, office buildings and shopping centers. The familiar
syndrome of urban renewal is drastically changing the face of an ancient city within a
few years. Within a few years around 90 percent of the old neighborhoods will be
cleared.”
New York Times, March 1, 1998 (Visser, 2010)

Traditional residential houses in the cities were torn down to build high-rise apartment
buildings to accommodate more and more people moving from the countryside. In
addition, farmland in the suburban area was sacrificed to “luxury single family houses”
based on American or European styles. Chinese cities began to lose their vernacular
character and aesthetic identities. Besides this, the acquisition of agriculture land forced
many farmers to move from their traditional houses and farmland into high rise buildings.
The uncontrolled transforming of farmland into developed land currently exacerbates
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problems such as energy waste and decreasing agricultural production. However, the real
estate boom has been unstoppable until now because this business generates tremendous
profits and provides significant economic income for local government.

3） Infrastructure Issues
The pace of constructing infrastructure is not always as fast as the speed of urbanization.
Many old neighborhoods in Chinese city centers and irregular settlements in urban
outskirts do not have sufficient infrastructures such as municipal sewage systems. Thus,
human waste is dumped into nearby rivers or small channels and generates pollution. In
addition, stormwater usually accumulates around houses or even inside homes after
heavy storms. The water often cannot be discharged properly due to inadequate
infrastructure design. Furthermore, developed areas have been dominated by hard
(engineering-based) infrastructure for a long time. For example, in many cities of China,
urban sewage pipes and rain pipes have not been separated. This non-sustainable
stormwater management method causes problems such as overflow of sewers and
resulting pollution in storm periods. However, in recent years, more and more people in
China have realized the benefits of constructing green infrastructure in the urban context.
Kongjian Yu is a Chinese landscape architect and pioneer in green infrastructure design.
His innovative approach to design of the Yongning River Park demonstrates alternative
solutions to flood-control engineering and water management (Yu, 2006). In this project,
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instead of hardening riverbanks, he designed a natural matrix as a floating garden to help
solve the flood problem. Furthermore, many cities in China have already begun to initiate
their green infrastructure plans.
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4

Utilitarian and Amenity Functions of Sustainable Stormwater

Management in China’s Mixed-Use Urbanized Environments

4.1 Utilitarian Functions of Sustainable Stormwater Management in China’s
Mixed-Use Urbanized Environments
The utilitarian functions of sustainable stormwater management (SSM) are, to a large
degree, universal for urbanized area globally. So it is possible to apply functions found in
the US or other countries to China’s urbanized area. The US and Germany have more
advanced technologies and designs concerning SSM. Therefore, by analyzing the case
studies (included earlier in this creative project) in the US and Germany, common
strategies and functions can be summarized as below.

Figure. 12: Diagram demonstrating the common process of SSM strategies

Capturing: the utilitarian function of water capturing collects stormwater for future
treatment and control of stormwater quality. Stormwater is typically from a range of
surfaces include the following:
1. Vegetated surfaces
2. Conventional roofs
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3. Green roofs
4. Permeable parking lots
5. Permeable road surfaces
6. Permeable pavements
7. Landscape structures

Conveyance: the utilitarian function of conveyance moves stormwater safely away from
buildings. Strategies for conveyance often include the following:
1. Downspout disconnection
2. Movement of stormwater in pipes
3. Movement of stormwater in open channels includes bioswales

Treatment: the utilitarian function of stormwater treatment improves the quality of
stormwater and reduces stormwater pollution. Strategies for on site treatment of runoff
often include the following:
1. Sediment ponds
2. Filtration structures
3. Biodetention ponds
4. Bioswales
5. Wetlands
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Discharge: the utilitarian function of discharge either reuses stormwater as an alternative
resource or gives it back to natural hydrologic system. Strategies for discharge of
stormwater include following:
1. Container Storage for reuse as irrigation, water for indoor use, etc.
2. Infiltration into the groundwater resources
3. Discharge to constructed wetlands and reservoirs
4. Discharge to natural waterbodies such as rivers and lakes

For China’s mixed-use urban environment discussed in this creative project, municipal
infrastructures are often not installed properly. This creates the opportunity instead of
installing conventional infrastructures, to install green infrastructure as a better
alternative to mitigate environmental problems.

4.2 Amenity Functions of Sustainable Stormwater Management in China’s
Mixed-Use Urbanized Environments
“Water is romantic, sensual, beautiful, happy, strong, sweet, and fresh. Peace and
movement, limited and eternal, landscape and architecture, water is life.
----Ricardo Legoretta (Tan, 2003)”

“Water is the ancestral cradle, as well as a source of aesthetic pleasure and therapeutic
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value. Pleasurable outdoor spaces are incomplete without water, whose primary
function is to evoke a heightened awareness of nature. Essential to contemporary
landscaping, water receives prominent treatment in gardens as an experiential and
reflective element. From fountains to still pools, water offers an alluring effect more
powerful than any other feature in the landscape (Tan, 2003).”

The purpose of developing and promoting sustainable stormwater management (SSM)
design is to mitigate environmental problems as mentioned before. But one of the
fundamental purposes of landscape architectural design is to create meaningful places for
people. Thus, the amenity functions of sustainable stormwater management design are
very important.

Pennsylvania State University Professors of Landscape Architecture Stuart Echols and
Eliza Pennypacker are experts of sustainable stormwater design. They pointed out that the
publications on the utilitarian goals of stormwater management are abundant, but that
there is little methodical study of the goals, objectives, and techniques for achieving for
the amenity goals of stormwater management (Echols and Pennypacker, 2008).

Echols and Pennypacker value the amenity goals of stormwater management as equally
important as utilitarian goals. By examining 20 case studies of stormwater management
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projects across the United States, he identified five common amenity goals which are
education, recreation, safety, public relations and aesthetic richness. They contended that
the goal of education could be achieved through both didactical lessons or enriched
experience of place. The educational opportunities could be divided into three types:
“ideas to learn,” “ways to learn,” and “context for learning.” They also contended that
design techniques of ARD (Artful Rainwater Design) could enhance the educational
functions, for instance, by making the stormwater conveyance system visible, the design
can teach the users about hydrologic cycles. The recreational goals can include providing
diverse opportunities for users to interact with stormwater facilities, such as viewing,
entering and playing in the water. The public relations goal is to create symbolic
statements about the values and qualities of those who created and own the site. The
successful sustainable stormwater management design can help the site owner expressing
their value and concern of particular environmental issues. Finally, the aesthetic richness
goals are to create an interesting experience of beauty or pleasure focused on the
stormwater. The beauty and pleasure of a stormwater design can be achieved mainly
through the following three aspects: visual appearance, auditory performance, and tactile
feeling (Echols and Pennypacker, 2008).

The preceding amenity goals are good examples of the amenities that sustainable
stormwater management design can provide. However, cultural elements and social
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patterns differ regionally, and the amenity functions of sustainable stormwater
management should accommodate the cultural and social conditions of the local area.
Thus this list of amenity functions is not complete and not all of the amenities identified
can be applied to China’s urbanized context. In response to the historical and current
situations in China’s cultural and natural environments, it is possible to adjust these goals
to become more suitable, and so landscape design in China can help solve its
environmental and cultural problems such as loss of cultural identity, inappropriate
lifestyle patterns and so on.

1) Education
Although the term “sustainability” has been propagandized across China since the early
2000s, it remains prominent in the news and educational publications. The governmental
education system feeds the term into students’ heads, as does the media to the general
public. Both enhance the public awareness of sustainability. But the public is generally
not aware of the significance of the term sustainable development in relate to daily life.
By demonstrating sustainable stormwater strategies in people’s living environments, SSM
can provide relaxing contexts for the public to learn knowledge of SSM. For instance,
when people see stormwater moving in a bioswale, they can be encouraged to discover
where it comes from and where it goes. Also, a site with a SSM design can be an ideal
place for educational activities for students, especially with a signage and dispay system
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that explains how the system functions.

2) Recreation
Echols and Pennypacker defined recreation to include the provision of conditions
favorable for interacting with the stormwater treatment system in relaxing, amusing, or
refreshing ways (Echols and Pennypacker, 2008). Urban parks and community common
spaces are suitable place for implementing SSM designs. These spaces can also provide
sites for recreational activities. Since the idea of public open space was introduced into
China, Chinese people have adapted their behaviors to enjoy spending their leisure time
in the park or community common space as places to bring family and friends together, to
interact with nature, and to engage in sports. As they do so, SSM designs can enhance the
visual quality and human interaction with a site, by allowing people to view the flowing
stormwater and to play with the water as a dynamic sensory experience.

3) Aesthetics
Water is an essential element of landscape architecture design in many different cultures
because of its unique appearance, texture and the auditory feeling it creates. The vital
waterscapes in many Classical Chinese gardens demonstrate the people’s respect and
enjoyment of water. Sustainable stormwater management designs can celebrate water and
maximize its dynamic appearance.
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As a traditional value, most Chinese people believe nature is beauty. Although this value
has been trampled since the massive urbanization of China, people’s desire for
natural-looking environments cannot be easily killed. For example, in the 2000s, a new
housing movement was begun by real estate developers. At this same time, Chinese
people began to be more concerned about the lack of green, ecological, and sustainable
aspects of residential environments (Lu, 2009). The spirit of the movement is to “set up a
humanistic and spiritual homeland, care about environment protection and respect nature
(Hu, 2008).” Although SSM designs manipulate water, its manipulation mimics the
natural hydrologic cycle and thereby helps satisfy people’s desire to experience nature
aesthetically.

4) Public Relations
SSM can also enhance community public relations. Firstly, by mitigating environmental
problems and improving living environment, SSM designs can help build a healthy
relationship between government and citizens by visually communicating that the
government cares about its citizens. Secondly, by implementing sustainable stormwater
strategies, developers can build their green image and thereby build trust with local
citizens. Thirdly, SSM designs can reinforce traditional values such as reverence of
nature which help Chinese citizens accept these developments.
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5

Sustainable Stormwater Management Design Application in Taihu,

Beijing

5.1 Environmental and Social Situation in the Beijing Area
5.1.1 Geography of the Beijing Area
Beijing city, at Latitude 39 ° 56 ', longitude 116 ° 20’, is situated in the North China Plain
between the connecting part of the Taihang Mountains and Yanshan Mountains. Beijing is
about 150 kilometers to the West of the Bohai Sea, which is the innermost gulf of the
Yellow Sea on the coast of Northeastern China. The Southeastern part of Beijing is a
large plain while the western and northern parts of Beijing lie within the mountain area
(Wikipedia, 2011).

5.1.2 Climate of the Beijing Area
Beijing’s climate is a monsoon-influenced humid continental climate characterized by hot
and humid summers as a result of East Asian Monsoon, and has a generally cold, windy
and dry winter. The spring and autumn are relatively short when compared with the
duration of summer and winter (Beijing Climate Center, 2011).

The Beijing area has a comparatively large amount of rainfall which is unevenly
distributed over time and space. The average annual precipitation is 588mm and the
extreme annual values are 272mm and 1406mm respectively. About 85% of Beijing’s
annual rainfall occurs from June to September (Zhang, 2007).
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5.1.3 Population of the Beijing Area
In the last 50 years, the urban population of Beijing has increased about 6.5 times. In
1978, the population of Beijing city and its surrounding towns was 8.72 million, the
number hit 15.38 million in 2004, and the average annual growth rate is 3.61%.
According to the Beijing Statistical Information Net, by the end of 2009, the number of
residents in Beijing was 17.55 million, of which more than 5 million was floating
population which means nonregistered residents who move in and out of Beijing
frequently (Beijing Statistics Agency, 2010).

5.1.4 Urban Development of the Beijing Area
1) Policy
In 1978, China implemented “The Policy of Reformation and Opening,” Since then the
long-closed door of China has opened. This triggered China’s extremely rapid process of
economic development and urbanization. Beijing, as the capital of China, is one of the
major cities that has transformed tremendously over this short period of time.

Even prior to 1978, the Beijing Municipal Government had initiated, in 1958, its general
development plan entitled “Dispersed Polycentric Urban Development Plan.”

The city

subsequently revised this plan in 1983 and again in 1993. The general plan was to
construct one central city with numerous satellite cities scattered around it. A wide
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greenbelt including truck farms, orchards, and forest lands was environed as the best way
to address the area between the central city and the satellite cities (Zhou et al., 2000).

2) Economic
Because of its very rapid economic development, China’s GDP (Gross Domestic Product)
growth rate is astonishing. In 2004, Beijing recorded 603.3 billion RMB in GDP, a
growth rate of 20%, the growth rate was 4% above the year-earlier level. Although the
GDP growth rate has declined in recent years, the GDP continues to grow rapidly
(Beijing Statistics Agency, 2010).

3) Urban Construction
Due to population intensive country-to-city migration, the urbanized land of the Beijing
land area is expanded very rapidly. The area of urbanized land in Beijing was 1,471.74
km2 and 3,237.44km2 respectively in 1990 and 2004, which indicates a growth about 2.2
times. In the last 50 years, investment in infrastructure construction has increased nearly
390 times, the amount of newly constructed buildings has grew 14 times. And impervious
surface increased from 70% in 1990s to 80% in 2010s (Wang, 2010).

4) Issues of Beijing’s Urban Development
The transition process of a city usually causes less problems when it is gradual and obeys
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certain rules. Thus the unusually rapid speed of Beijing’s urban development growth has
generated many problems, including both environmental and social ones. Environmental
problems have included drought, flooding, air pollution, water resources shortages, and
dust storms. Social problems have included extreme income inequity between classes,
overwhelming high housing rates, urban congestion, lack of public green space, and loss
of agricultural land.

5.1.4 Water Issues in the Beijing Area
In Beijing, the urban structures are dissociated from the pattern of natural hydrology
systems. In addition, the urbanization process has increased the percentage of
impermeable surfaces tremendously; and urban stormwater run-off results in overloaded
rivers and causes major flooding problems. Impermeable surfaces also result in the loss
of underground water storage. This reduced storage combined with exceeding annual use
of underground water, each year the water table drops by one meter (Yu, 2006).

The shortage of drinking water resources is another critical problem. While the total
amount of water resources is 3.629 billion m3. The per-capita water resource is only 300
m3. This is 1/8 of China’s average level and 1/32 of the world’s average per-capita water
availability. It is far below the standard 3,000m3/person, and even lower than the severe
water shortage standards of 1,000m3/person (Zhang, 2007). About 2/3 of the water
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resource of the Beijing area is groundwater (Wang, 2010).

5.2 Existing Policies and Implementation of Stormwater Management in the Beijing
Area
5.2.1 Existing Policies for Sustainable Development in Beijing
As the social and environmental problems of Beijing city become more and more crucial,
the Beijing government has realized the urgency with which these problems need to be
addressed. This realization has resulted in the launching of a series of policies concerned
with sustainable development. From 2000 to 2008, by taking the opportunity that resulted
from hosting a green Olympic Games, the city has stepped onto a new stage of
comprehensive sustainable development. This stage includes creating detailed guidelines
for water supply and water use. According to the Beijing government, there are seven
primary guidelines concerned with water management. The first is to locate development
close to existing water bodies, so as to provide easy access to that water. The second is to
improve sewage systems to discharge waste water at certain points. The third is to
implement a cyclical system between surface water and ground water. The fourth is to
guarantee sufficient per-capita areas of water surfaces and vegetated surface. The fifth is
to reduce the amount of constructed linear channelized waterway, and instead to
encourage the recovery and expansion of the natural water system. The sixth guideline is
to introduce drought tolerant plant species as Beijing’s water table drops rapidly. The last

67

guideline is to increase grey water reuse and to develop a hierarchical water supply due to
different water usages such as using water with high quality as drinking water and using
water with low quality as irrigation water (Wu, 2004).

5.2.2 Existing Policies and Implementations Concerned with Sustainable Stormwater
Management
As a city that has an extremely dry climate, at the beginning of the 21st Century, Beijing
began to establish policies and regulations concerned with sustainable stormwater
management. In 2000, the Beijing government promulgated the “Regulation of Water
Saving of Beijing.” This was the first governmental regulation that stated the requirement
for stormwater harvesting and reuse. It required that the water used for landscape
maintenance inside the residential areas and business areas must be rainwater or
reclaimed waste water. After this initial regulation, almost every year, governmental
agencies have established some new policies and codes to promote the implementation of
sustainable stormwater management and related constructions. In 2005, the municipal
government of Beijing established the “Water Saving Measures for Beijing” regulations
that sought to consolidate the “Water Law of the Peoples’ Republic of China.” It made
more restricted regulations about rainwater reuse such as high penalties for wasting
rainwater. Also in 2005, the planning, construction and water authorities released the
guidelines for sustainable stormwater management in newly construction projects. It
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stated that any kind of new construction project should incorporate rainwater harvesting
approaches, and identified the most common methods as infiltration and on-site storage
(Li, et al., 2008).

Meanwhile, the implementation of sustainable stormwater management projects has also
been happening. In 1998, the Beijing government sponsored more than 20 rainwater
harvesting and reuse projects in the Beijing area. In 2000, the Beijing Municipal Water
Conservancy Bureau teamed with Universität Gesamthochschule Essen in Germany to
initiate an “urban stormwater control and utilization demonstration” program. It resulted
in a total investment of 60 million RMB (8.8 million US Dollars) realized in six different
projects. By the end of 2007, the pace of sustainable stormwater management
construction had become as rapid as the pace of urban expansion in Beijing, and more
than 300 SSM projects had been implemented (Li, et. al., 2008).
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5.3 Introduction of the Town of Taihu and the Project Site
5.3.1 Basic Situation of Taihu
Due to the massive expansion of the urbanized area around the old Beijing city, many
districts of the outer part of Beijing have annexed the rural areas close to them. Thus
these suburban districts usually have massive areas of land and a highly-mixed landuse
pattern. Tongzhou District is an example of this kind of newly developed urban area. The
town of Taihu is located in the western part of Tongzhou District (see Figure.13) which
has an area of 81.3km2, and a population of 40,000 (Tongzhou Government, 2007).

Figure. 13: Map of the Beijing area and the location of Taihu Township in the Beijing
Area
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Like many newly developed urban outskirt towns, Taihu is in a transition process from an
agriculture-based economy to an industry-based economy. Many industrial companies
have launched their factories and plants in this type of town. Although the trend of
economic structure transformation is inevitable, the town of Taihu tries to keep a feeling
of integration or synergy of agriculture and industry. Within the 81.3km2 area of the total
land of Taihu, about 30km2 remains as agricultural land. Of this agricultural land, more
than 10% is fish ponds and lotus ponds. Fish nurseries and lotus nurseries are two major
and unique agricultural industries in Taihu.

5.3.2 Principal Planning Concept of Taihu
In the year of 2005, China launched the “New Rural Area Construction” policy. This
policy intends to improve the overall development level of the rural areas of China,
which includes improving rural residents’ living standard, transforming the economic
structure, increasing infrastructure construction, and enhancing the education system.

The town of Taihu has already implemented the “New Rural Area Construction” policy to
encourage the social and economic transformation of the town. However, this kind of
transformation usually results in the redundant construction of urbanized areas. Therefore,
Taihu aims to develop a unique way of growing. Instead of massive construction of
conventional infrastructure, Taihu has decided to emphasize its development of
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ecotourism and special types of agriculture, especially aquatic agriculture, including lotus
nurseries (Tongzhou Government, 2007). The design of this creative project seeks to be a
model which can guide other projects as they seek to help Taihu achieve its aims.

5.3.3 Project Site Introduction

Figure. 14: Map of the Taihu Township and the selected focus area

The selected site for this comprehensive sustainable stormwater management project is
located in the northwest corner of Taihu. The site is next to the highway system that
connects the outskirt areas with the central area of Beijing. This site is also the closest
part of the town to central Beijing (see Figure. 14).
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Xiaotaihou River, which flows through the selected project, is a main drainage channel of
southern Beijing. It discharges into the Liangshui River, which is a larger waterway in a
further south area of Beijing. Like many urban rivers in Beijing, the Xiaotaihou River is
highly polluted. The unscientifically planning that has occurred in its watershed
contributes to the pollution of the river. The area that surrounds the site has a highly
mixed and irregular land use pattern. Villages, industrials, and agricultural lands are
mingled together without any zoning regulation (see Figure.16, 17). This results in the
river being polluted by stormwater runoff, industrial waste and household waste.
Turenscape which is a famous landscape architecture company of China focuses on
sustainable and ecological planning and design designed a multi-functional aquaculture
and agriculture production field which is also a water treatment. Lotus plant is the
primary aquaculture production (see Figure.15). The goal of the design is to increase the
diversity of economic bases, thus, the design creates experimental urban agriculture and
aquaculture field while promoting ecotourism (China Landscape Architecture, 2010).

Figure. 15: Turenscape’s design of the multifunctional lotus production and water treatment field
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Figure. 16: Images of the selected design site
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Figure. 17: Image of the selected design site

Figure. 18: Workers installing sewage pipes in the village of the selected design site
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5.3.4 Primary Issues Related to Sustainable Stormwater Management of the Site
1) Environmental Issues
a. Because of insufficient infrastructure, living waste is dumped into nearby rivers or
small channels. This generates pollution; and this polluted stormwater often accumulates
around houses or even inside houses after heavy storms when it cannot be discharged
properly (see Figure.18).

b. Residential buildings are built without building codes. They are very crowded; and
communities lack adequate public green spaces.

2) Social Issues
a. The town of Taihu is experiencing a loss of local residents. People usually move to the
city center to increase their opportunities for better jobs.

b. The economic base is simple. It consists primarily of agriculture and light industry
which is not related to agriculture.

c. The educational level of local residents is also very low. As a result, there is little
public awareness of the major environmental problems in the Beijing area.
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5.4 Design Application
5.4.1 Design Process
The primary intentions of the design of the site are two. The first is to use the local
governmental planning concept which is developing unique ecotourism based on local
aquaculture production as guidelines. The second is to integrate sustainable stormwater
strategies into the conceptual design as a determining factor. The design process is
showed in the diagram below (see Figure.19, 20).

Figure. 19: Design process diagram
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Figure.20: Design process input and output diagram
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5.4.2 Goals and Objectives

Figure. 21: Primary goal of this project

1. Create communities that grow and prosper while addressing sustainable stormwater
issues (see Figure. 21).
a. Reduce or eliminate environmental problems.
b. Stimulate economic development.
c. Improve the living standards of local residents.
d. Increase job opportunities for residents of the local community.

2. Redesign the residential area of the village in order to improve the living conditions of
residents and to benefit the surrounding environment.
a. Encourage keeping the original fabric of the residential buildings.
b. Increase the area of public space.
c. Centralize household waste disposal and treat wastewater using ecological method.
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d. Design stormwater harvesting and use facilities for buildings and the site.
e. Design a unifying water feature for conveying stormwater as a primary landscape
element.

3. Design a riverfront park along the Xiaotaihou River that celebrates sustainable
stormwater management, increases public green space, and enhances the vitality of the
town.
a. Protect the riparian corridor of Xiaotaihou River.
b. Reduce the pollution of Xiaotaihou River.
c. Associate the river bank design with sustainable stormwater management.
d. Provide suitable public recreational places for both local residents and tourists.
e. Provide ecotourism amenities associated with the Xiaotaihou River.

4. Redevelop the industrial area along the Xiaotaihou River in order to reduce pollution,
create more public space and increase ecotourism resources.
a. Transform the industrial area into a public green space.
b. Associate the design of the space with the riparian corridor.
c. Develop the design to create ecotourism opportunities and to enhance the value of
the riverfront site as aquaculture-lotus based production tourism.
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5. Use various sustainable stormwater management strategies to celebrate stormwater
as a unifying element
a. Create a sustainable stormwater system for the whole site.
b. Develop suitable sustainable stormwater strategies that can integrate the
neighborhood with the river.
c. Develop design approaches that enhance the amenity functions of sustainable
stormwater management.

6. Encourage using lotus plants to demonstrate the theme of Taihu’s unique ecotourism.
a. Use lotus as a wetland plant which can purify waste water and rainwater.
b. Encourage using lotus as ornamental plants in the neighborhood.
c. Encourage using lotus to create the sense of place.
d. Encourage associating lotus with sustainable stormwater design.

7. Increase the interaction between the lotus and fish production and sustainable
stormwater and wastewater management.
a. Use reclaimed stormwater as the primary water source for the combined fish and
lotus fields.
b. Use biofertilizer generated by the wastewater treatment as the primary nutrition
source for the combined fish and lotus field.
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8. Create lotus-based and aquaculture-based eco-industrial chains as income generation
and ecotourism opportunities.
a. Use lotus and aquaculture production as the base to increase the diversity of
industries which include lotus harvesting, processing, sales, and ecotourism.
b. Utilize the lotus and aquaculture-based eco-industrial chain to provide more job
opportunities for both local residents and people from outside the town.

82

5.4.3 Analysis
1. Land Use
The Xiaotaihou River flows through the 340 acre design site. The lack of
science-informed planning within the surrounding drainage basin area contributes
tremendously to the pollution of Xiaotaihou River. The basin area has a highly mixed and
irregular land use pattern. Villages, industrial areas, and agricultural land are mingled
together without zoning regulation (see Figure.22). As a result, the river is polluted by
stormwater run-off, industrial waste and household waste.

Figure. 22: Landuse map of the site shows the mixed-use development pattern
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2. Circulation
There are two access points to the high speed roads on the edge of the selected site. One
on the west side of the site accesses the high speed road connecting with central Beijing,
the other on the east side of the site accesses the high speed road connecting with central
Taihu. These two accesses determine the potential locations of the commercial areas in
the master plan so as to provide access to these commercial areas and enhance
transportation for visitors and outside workers. Furthermore, like the residential houses,
the roads and pathways inside the site are also built by local residents without road layout
standard. Thus, motorized ways and pedestrian ways are not clearly separated. The
circulation analysis identifies the primary motorized ways inside the site to harden the
road surface, and to keep other pavement areas as pedestrian ways (see Figure. 23).

Figure. 23: Circulation analysis
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3. Surface Analysis
The analysis of the surface for the pre-development scenario intends to quantify the
impervious area to clarify its impact. According to the analysis, 40 percent of the site area
is river, 17 percent is roof area, 17 percent is pavement, 3 percent is roads, and 23 percent
is vegetated surface. Thus, there is about 39 percent impervious area of the site (see
Figure.24). The huge area of impervious surface generates huge amount of stormwater
runoff. Using the rational method of runoff calculation (Q=CIA) (Strom, 2009), the
author has herein determined that about 1,400,000 cubic feet of run-off is generated.

Figure. 24: Surface analysis
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5.4.4 Conceptual Design
1. Bubble Diagram
The bubble diagram below shows the initial design concept according to the goals and
objectives. Green circles represent potential open space for local residents and visitors,
yellow circles represent the potential locations for commercial areas in response to the
ecotourism. The cyan circles represent potential locations for lotus pond; and the blue
circles represent the potential locations for parking lots to accommodate future needs of
the proposed development (see Figure.25).

Figure. 25: Design concept bubble diagram
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2. Hydrological Design Intention
The hydrological design of the site consisted of design of stormwater flow, design of
stormwater storage, and design of wastewater conveyance and treatment (see Figure.27).

1) Stormwater flow concept
Stormwater is collected on-site from roofs, road surfaces, and scenic rainwater collecting
structures. Some of the collected stormwater is carried by the braided bioswales. Water in
conveyed in small bioswales of the residential area and converges to the big bioswales
that conveys the water flows all the way to the greenhouse (see Figure.26).

2) Stormwater storage
The on-site stormwater storage system assures the availability of the stormwater over
non-rainy periods and helps keep the scenic bioswales functioning during these periods.
This system includes a storage cistern under the outdoor space of each cluster of
residential houses to store extra stormwater overflows from the sediment ponds. A pump
would be installed to lift the stored water from the cistern to the houses for reusing and to
the bioswales to sustain plants on non-rainy periods. All the extra stormwater that flows
through the bioswales can be stored in the huge tanks under the greenhouse. Using pumps
and valves the water can be reused for irrigation and feed into the productive aquaculture
ponds
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3) Wastewater
Although wastewater treatment is not a research topic discussed in previous chapters,
household wastewater is a main pollution source of the Xiaotaihou River. So the design
of the site also incorporates wastewater treatment to mitigate the pollution problem.
Wastewater is collected from houses, short-term apartment buildings and hotels and
conveyed by underground pipes into the lotus greenhouse and solar aquatic system (SAS)
for wastewater treatment in the greenhouse where it can be purified by living machine
technology.

Figure. 26: Hydrological design intention
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Figure. 27: Hydrologic design diagram
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4. Stormwater Approaches Module
Site level design strategies for this design application are shown below:
1) Residential house stormwater collecting and storage facility (see Figure.28).
There is a storage cistern under the outdoor space of cluster of residential houses to store
extra stormwater overflows from the vegetation filters, a pump is installed to lift the
stored water from the cistern to the houses for reusing and to the bioswales to sustain its
plants during non-rainy periods.

Figure. 28: SSM strategies for existing residential house
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2) Deconstructed residential building becomes rainwater harvesting and cascading
structures (see Figure.29).
Some residential houses in the center of the community are partially deconstructed as part
of this design. The deconstructed structures become rainwater collecting facilities and
community public gathering spaces to celebrate the stormwater. This collected rainwater
is either stored in the underground tank adjacent to the structures or conveyed by the
bioswales which are parts of the holistic sustainable stormwater system in the whole site.
The storage system assures the availability of the stormwater over non-rainy periods and
helps keep the scenic bioswales functioning during these periods.

Figure. 29: SSM strategies for the community open space
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3) Deconstructed residential building becomes accessible greenroof as community
gathering space (see Figure.30).
Some residential houses in the center of the community are transformed into accessible
greenroof structures which can demonstrate another type of SSM strategies. Greenroof
can absorb stormwater and filter it. And additional stormwater is collected by the
bioswale system.

Figure. 30: Deconstructed house becomes greenroof structure in the community open space
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4) Motorized road with bioswales (see Figure.31).
Bioswales are designed along the motorized road to collect storwater from the road
surface and convey the water to the greenhouse. The bioswales also filters the water prior
to its discharge to ground water.

Figure. 31: Motorized road with bioswales
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5. Planting Design
1) Introduction of lotus plant
Lotus is the key plant of this design since it unifies the site aesthetically and enhances it
economically. Lotus, also known as Chinese water lily, is an emergent wetland plant
which can grow in the mud of shallow ponds, flooded fields, and lagoons (Plant Cultures,
2011). Lotus is native to southern China and southern Asia. But because it is tolerant to
cold weather it has been introduced to the Beijing area since ancient time. The lotus has
big and pink flowers which have high aesthetic value (see Figure.32). Its rhizomes grow
firmly in the mud beneath the water surface. This characteristic also brings lotus unique
respect with Chinese culture. In Classical Chinese culture, literators believed that lotus
represents righteous and chastity. In addition, lotus is an aquaculture plant which has high
economic value. Its rhizome is a kind of vegetable which can be processed into powder to
produce jelly. Its seed is a kind of fruit, and its leaf can be made into herbal tea or
Chinese medicine (Lu, 2010).

Figure. 32: Images of lotus plant
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2) The primary principle of planting design for this site is to encourage using native
plants, especially native wetland plants. The following chat indicates some recommended
species which are selected from the list of native plants in the Beijing area (He and Xing,
1984).
Wetland Plants

Common Name Scientific Name
Lotus
Nelumbo nucifera

Function
Ornamental/
Productive/Filtration

Loosestrife

Ornamental/
Filtration
Ornamental/
Filtration
Ornamental/
Filtration
Ornamental/
Filtration
Ornamental/
Filtration
Ornamental/
Wind Buffer
Ornamental
Ornamental

Cattail
Reed

Canopy Trees

Lythrum salicaria
Linn.
Typha angustifolia
Linn.
Phragmites australis

Amur
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5.4.5 Explanation of the Master Plan
1) Main concept (see Figure.33)
Because the site has a highly mixed land use pattern, villages, industries, and agriculture
fields exist together in a relatively unplanned way and without applying scientific
knowledge. The design reorganizes the spatial relationships while in beneficial ways
keeping the diversity of land use types. The design divides the site mainly into three parts,
the community; the public space which includes hotel, public green space, productive
lotus ponds, and a lotus processing factory; and finally the riverfront recreational area.
While each of these three parts has its unique appearances and functions, they are unified
visually and ecologically by the sustainable stormwater system.

2) Community
The current situation of the village on the site has been discussed before. The main
concept for the redesign of the village is to utilize Sustainable Stormwater Management
designs to solve the problems of the village while keeping the original fabric of the
village. To achieve this goal, most of the residential buildings are kept as they are now
and a new system of stormwater capturing, conveyance, storage, and infiltration system is
added according to the existing fabric of the village. One of the biggest problems of the
village is that the single-to-three-stories single family residential houses were built by the
villagers themselves without building codes.
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Figure. 33: Master plan
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Figure. 34: Community open space

Figure. 35: Community open space
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Figure. 36: Community Birdseye view

99

Therefore the buildings are too close to each other and there is little community
greenspace inside the village. Thus, the design proposes to deconstruct some residential
buildings in the center of the village where some vegetation already exists and to
transform the deconstructed structures into rainwater collecting facilities while creating a
community public gathering space to celebrate the stormwater (see Figure.34, 35, 36 ).
This collected rainwater is either stored in the underground tank adjacent to the structures
or conveyed by the bioswales which are parts of the holistic sustainable stormwater
system of the whole site. Furthermore, for each cluster of residential house, a rain barrel
will be installed in the courtyard to collect stormwater. Also, stormwater conveyance
trench is added under the overhang structures of the existing buildings to carry away
overflow stormwater from the rain barrel and roof-water that exceeds the capacity of the
underground water tank.

3) Central public space and productive lotus ponds
The public space which includes hotels, greenspace, greenhouse, productive lotus ponds,
fish ponds, and a lotus processing factory is the most essential part of the whole site. In
order to achieve the growth in ecotourism, the easternmost parts of the existing
residential houses are transformed into hotels and short term apartment buildings (see
Figure.37). These will house visiting scholars who will conduct research on sustainable
stormwater management and lotus production, or temporary workers who will work on
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the lotus field or in the lotus processing factory. The bioswales in the community area
continue and meander along the hotels to collect stormwater from the roof area of the
hotels and apartment buildings while enhancing the visual quality and user experiences.

Figure. 37: Stormwater bioswales along hotel buildings

Furthermore, a former paper production factory is converted into a greenhouse and a
lotus processing factory. The greenhouse also serves as the house for the lotus planter
who oversees lotus growing in the winter time and living machines that treat the waste
water generated from the village and hotels. Under the ground of the greenhouse, there
are tanks with a maximum capacity of 1,000,000 cubic feet to store extra stormwater
collected all the way from the village and hotel area. This production-supporting water is
filtered and cleaned by the combined aquaculture and lotus fields located on the south
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side of the greenhouse prior to discharge to the river. Alongside the greenhouse is the
lotus processing factory which is a light industrial factory that processes lotus flowers,
roots, leaves and seeds into ornamental decorations, vegetables, herbal teas and fruits,
and ecotourism products. This industry will use massive amounts of water which is
provided by the filtered rainwater collected from the roof of the greenhouse and the roof
of the factory itself. Any additional water needed by the lotus processing factory can be
pumped from the storage tank under the greenhouse, or from the river. All water is
biologically cleaned on-site prior to its discharge to the river.

On the west side of the greenhouse is a semi-outdoor courtyard space enclosed by a series
of small buildings and pergolas that connect the buildings (see Figure.38). These small
buildings will serve the visitors as coffee shops or tea houses. The enclosed courtyard
with its included stormwater features creates a scenic view for the visitors. The hotels and
the greenhouse are connected by the outdoor open spaces in between them.

Bioswales

along the hotels meandering through the greenspace, canopy trees and pedestrian
pathways are an added ecotourism amenity in the greenspace. The bioswales and the
pathways are interwoven with each other to provide vistors a varied experience of the
sustainable water system by bringing them close to or far away from the bioswales. The
stormwater collected by the bioswales can also be used to irrigate the plants in the
greenspace.
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Also, on the south side of the greenhouse is the aquaculture field. This field includes a
series of productive lotus ponds and some fish nursery ponds. Stored stormwater under
the greenhouse will be fed into the lotus ponds for lotus growing. Meanwhile, lotus
purifies the stormwater and finally discharges the water into the Xiaotaihou River (see
Figure.39). Lotus grown in this field will be harvested and processed to add economic
value and to generate jobs and income in the community.

Figure. 38: Greenhouse and courtyard Birdseye view
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Figure. 39: Greenhouse section
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4) Riverfront recreational area
The riverfront recreational area is planned to be the most dynamic area of the whole site.
Along this riverfront, three layers - reformed river edge, proposed elevated pathways, and
the lotus planting - are interwoven. There are two types of lotus planting along the river.
One is ornamental lotus and the other is production lotus. Restaurants and retail shops are
proposed to be built along the river’s edge where people can eat and shop for lotus related
products. Visitors can boat in the ornamental lotus plantings as a leisure activity, or boat
in the productive lotus pond to pick lotus seeds or flowers and enjoy them in the
restaurants (see Figure.40).
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Figure. 40: Riverfront section
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5) Conclusion
The site is unified by the interconnected sustainable stormwater features. Stormwater is
collected from the community area along the very west side of the site all the way to the
aquaculture filed where is the east side of the site. stormwater is harvested, conveyed,
infiltrated, stored and reused in different aspects. The system saves water resource and
reduces stormwater pollution. More important it increases amenity value. It provides
scenic place for social life in the community. It brings economic value for the lotus
production and ecotourism, and additionally jobs and income for residents in the
community. Finally, it creates a relaxing context for educational activities for people to
learn about sustainable stormwater management.

Figure. 41: Water and economy statistics
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Appendices
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Appendices 1
Timeline
5.1-5.10
5.20-5.30

Reviewing related literature
Obtaining site information from Nanjing Forestry University

6.1-6.10
6.10-6.20

Visiting Beijing Olympic Park, conducting questionnaire survey
Obtaining climate data of Beijing from Beijing Climate Center

7.1-7.10
7.20-7.30

Reviewing Related Literature
Visiting the creative project site, getting images and site inventory

8.1-8.10
8.10-8.30

Interviewing site developer
Reviewing Related Literature, writing for first sub-problem

9.1-9.10
9.10-9.30

Turning the abstract of this thesis to Graduate School
Writing for second and third sub-problems

10.1-10.10
Developing design concept
10.11-10.20 Revising writing part of the thesis
11.1-11.10 Developing schematic design
11.10-11.30 Revising writing and schematic design
Winter Break

1.10-1.20
1.21-1.30

Developing master plan
Revising master plan

2.1-2.15
2.16-2.28

Developing water system diagram
Developing detail design, design sketches

3.1-3.15
3.16-3.30

Drawing perspectives, mid term review
Revising writing and design

4.1-4.10
4.11

Getting committee members’ and department chair’s signatures
Turning thesis into Graduate school
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